Abstract-The aim of this study is to develop a computeraided intuitive software tool based on MATLAB to reproduce the functions of a virtual histology over Magnetic Resonance (MR) microimages of small samples of swine's infarcted hearts. The basic characterization consists of selecting regions of interest (ROIs) of that MR microimage and extracting the most important information of these regions. The software tool will implement intuitive and sophisticated tools that allow the user to define ROIs on the different types of images provided by the MR scanner.
I. INTRODUCTION
The benefits of imaging techniques for medical purposes are immense at present. Medical imaging is now necessary for the study and diagnosis of the frequent illnesses that affect, for example, our cardiovascular system. In the past decades, these non-invasive techniques have been considered for studying the effects that cardiac diseases have on a human heart in a short or a long term.
One of the most critical and common events that can affect the human heart is the myocardial infarction (MI). Some studies estimate that nowadays around a 70% of patients hospitalized with MI survive the hospital phases [1, 2] . In these circumstances, it is necessary to control the evolution of the patients' hearts and prevent and identify future cardiovascular risks. Cardiac imaging has an important and crucial role in these tasks [3] .
For this purpose, the study of medical images of a swine's infarcted heart is a good approach, due to the similarity between the human heart and the swine's heart [4] . Swine's heart is approximately the same size as a human heart, and distribution of blood supply by the coronary artery system is almost identical [5] .
Magnetic Resonance Imaging (MRI) is one of the most used medical imaging techniques and it is widely used in hospitals for medical diagnosis, staging of disease and for follow-up without exposure to ionizing radiation [6] . With this technique, it is possible to have a strong control over the data acquisition and how it can be managed to finally show the adequate reconstructed image [7] . The resulting MR image permits to visualize the cardiac muscle with high precision and reliability [8] .
The main objective of this work is to create an easy to use tool to help to characterize MR images of hearts that have suffered a myocardial infarction. In a preliminary stage we will work with a swine's hearts and establish a complete analysis of the conditions of the heart after an infarction in order to relate the study, as a last resort, to human hearts.
II. MATERIAL AND METHODS

A. Experimental Study
Two small samples (size 1 cm × 1.6 cm) of the infarcted heart of two different pigs were analyzed in this study. The samples were extracted from the infarcted hearts and put into a tube with an agarose matrix in order to avoid the possible vibrations experienced during the data acquisition process.
B. Data Acquisition
All the images were acquired using a Bruker Spectrometer ADVANCE 14.1T (Bruker Biospin, Ettlingen, Germany). The tubes with the heart samples were introduced one by one in the NMR tube (1 cm wide) and correctly positioned in the inside of the coil that generates the micro-images. The thickness of the slices was decided individually for each case.
The procedure for each sample was to acquire 5 types of weighted images (matrix size = 256 × 256). T2 and T1 weighted images were acquired as reference images. Diffusion-Weighted Images (DWI), T2-weighted images and T2*-weighted images were acquired in order to generate their respective maps.
Apparent Diffusion Coefficient (ADC) maps were generated using a sequence of 16 
C. MATLAB
The entire software tool has been developed using MATLAB 8.1 (2013a) (The MathWorks, Inc., Natick, MA, USA), with a Graphical User Interface (GUI) to facilitate its use.
A Pentium IV 3 GHz personal computer with 2 GB of RAM, running Windows XP, was used for all the analysis presented in this work.
III. RESULTS Figure 1 shows the GUI of the developed software tool and its different parts.
A. Fitting Methods
The developed tool allows the user to analyze several modalities of MR images. These images are classified in two cases: images that do not need a fitting process (i.e., T1 and T2 weighted images) and images that need a fitting process, i.e., ADC, T2 and T2* maps.
The program includes an intuitive tool for applying these fittings. This tool guides the user through the complete process. First of all, the program asks the user to select the background of the image. This step is useful to reduce computational burden associated to the fitting procedure, as the background will not be taken into account in the fitting.
The tool implements four methods in order to fit the data: two methods based on an exponential function (one faster method performed using a low fitting resolution, the other one slower but performed using a higher resolution fitting), one method based on an exponential function with a baseline and a fourth method based on a biexponential function. The quality of the resulting map depends directly on the selected method, but it is necessary to know that the process will be longer in terms of time as the quality increases. Figure 2 shows the differences between the two simple exponential methods in terms of quality of the resulting image for two different kinds of maps.
The following equations represent the different fitting equations used to generate an ADC map:
where the parameter b (s/mm 2 ) is the b-value that varies in each acquisition taken in the spectrometer and the parameter D, the apparent diffusion coefficient, is the one needed to create the map. The subscripts in the diffusion coefficient in where the variable parameter is the echo time (TE) and the parameter extracted in order to generate the map is the T2 time.
The duration of the process is very variable. It depends strongly on the selected fitting method and the power of the used computer. Table 1 shows the relationship between the available methods, the quality of the resulting map and the duration of the process for a Diffusion-Weighted Image (DWI) with 16 acquisitions and a single slice. Finally, the program allows the user to choose between decimating the image or not. If the user wants to accelerate the fitting process, a base 2 factor (2, 4 or 8) can be selected. The process will apply the fitting method to a reduced number of pixels and the rest of the pixels will be reconstructed by interpolation. This option will decrease the quality of the map, but the duration of the process will also be reduced by the selected factor.
The final decision of which method the user should choose depends on the precision needed and the available time. In any case, the software offers the option of saving the current session in order to load it later, so the entire process will not have to be repeated.
B. Fitting Graphics and Error Maps
Once the map has been produced, the presented tool includes some ways to verify the results of the fittings applied to the weighted images.
Every pixel of the resulting image is the result of a fitting process. Clicking on any pixel opens, in the secondary axes, the graphic result of the process applied on that pixel. The obtained graphic represents the intensity values of the sixteen acquisitions of one specific pixel and the exponential-based curve that better fits to this data (see Figure 1e) . The obtained curve corresponds to the fitting method selected in the previous step. The user could visualize which would be the result of applying other fitting methods by just clicking on the graphic axes.
If the user prefers to have a wide view of the differences between the original data and its approximated curve, the best way to see it is to represent a color-based error map. This program implements a tool with two types of error map: R-squared error map and Root Mean Squared (RMS) error map. As it is shown in Fig. 3 , the tool shows on the graphic axes a complete color map in which each pixel represents the error caused when applying the fitting on the respective data. In addition, the user can know accurately which pixels have been wrongly fitted by representing the colored error map over the current map. 
C. Types of Region
The final functionality of this program is to make a simplified virtual histology by defining some regions on the micro-MRIs and extracting all the relevant information of them. For this purpose, the program incorporates a tool that allows the user to delineate three types of Regions of Interest Additionally, the defined ROI can be copied, pasted, deleted, moved or edited to facilitate the ROI definition by the user. The ROI information is saved and showed in an indexed table, where the user can find the mean and the standard deviation of the region among other data. These data table can be exported to an Excel file in order to process the information separately.
D. Segmentation
In some cases it could be interesting to select automatically a region of the actual MR microimage slice where all its pixels seem to share the same properties (a watershed algorithm is applied). The segmentation tool introduces this functionality in a few easy steps. The final results are shown in Fig. 4 . Figure 4 . Graphic result of a segmentation process. In the first picture (a) the analysis window and the analyzed area are smaller than in the second picture (b), so the region has more connected pixels in the second picture (a watershed algorithm is applied).
First of all, the user has to select a small square region on the current slice where the segmentation function will initialize the process. Automatically after that, the tool analyzes and segments a defined area of the image and selects the pixels connected with the initial small region that are included in an analysis window made with the mean and the standard deviation of the initial square region (Analysis window = [mean -standard deviation, mean + standard deviation]). The analyzed area of the image and the analysis window are parameters that can be increased or reduced in order to include or remove pixels from the new region, like those shown in Fig. 4 . This segmentation tool includes one additional interesting functionality that could be attractive for future purposes. Before adding this new defined region as a new ROI, it is possible to perform a 3D extension. It consists of extending the segmentation process for all the slices of the acquired sample, not only for the current slice shown in the main axes.
This functionality takes the same analysis window and area in order to segment the other slices acquired for that same sample.
The new ROIs can be also cut and divided into smaller independent ROIs with specific size, and it is possible to merge two different ROIs into one stable ROI.
IV. CONCLUSION
This paper presents a useful tool for medical purposes. The idea of elaborating this program is to become a recurrent tool to perform virtual histologies by analyzing Magnetic Resonance microimages of swine infracted heart samples. In a first phase, this tool is being used in the study of the evolution of the heart after suffering a myocardial infarction but the final aim is to generalize its use to a wide variety of medical studies. The program tries to be an intuitive and easy to use tool oriented to a medical profile, so all the technical issues have been designed to be as transparent as possible to the final user. a b
